Abstract. The power transformer noise has become increasingly serious. The accurate measurement of transformer noise is more and more important. In this paper, the 220kV power transformer is measured with both the sound potential method and the vibration method. The measurement environment and measurement method are introduced in detail. The frequency spectrum analyses of the transformer noise and the vibration results are carried out. The relationship between the transformer noise and the vibration is studied. The research results can provide data base for noise source identification and noise suppression of the transformer.
Introduction
With the development of the city, the demand for electric power supply and its ability has been increased rapidly in recent years. More and more power transformers are installed in the residential and public places. The transformer noise has a serious impact on the life of the residents [1] . In addition, the abnormal vibration noise signals often correspond to specific defects or faults of the power transformer [2, 3] . Therefore, the transformer noise source identification and noise suppression measures are concerned by the power sector [4, 5] .
The transformer vibration noise is mainly caused by the magnetostriction of the silicon steel sheets of the iron core [7, 8] . Because the internal structure of the large transformer is complex, it is difficult to accurately analyze the generation and propagation process of the noise theoretically. The noise obtained by the single noise measurement instrument includes the impact of the surrounding environmental noise, so it is difficult to distinguish the actual noise source caused by the transformer from the measured values. Therefore, it is important to choose an appropriate method to measure the vibration and the noise of the transformer.
In this paper, the 220kV transformer in Shanxi with a high complaint rate was measured with both the sound pressure and vibration method. The measured data was studied with spectrum analysis. The relationship between the vibration and the noise is discussed in depth. The research results can provide data base for noise source identification and noise suppression of the transformer.
Parameter of the Transformer
The vibration and noise data in this paper are derived from the 220kV transformer of Tongchang substation in Shanxi province. The transformer measured is a three-phase air-cooled transformer. The transformer capacity is 240*2MVA. The load is between 86MW and 90MW during the measuring process. The length of the transformer case is 8.8m. The width of the transformer case is 3.3m. And the height of the transformer case is 3.2m. The temperature in the substation when measuring the data is about 15.6 degrees and the humidity is 32%.
Measuring Method
The noise and the vibration of the transformer were measured simultaneously. The noise was measured with the sound pressure method. The vibration level was measured using the vibration sensor. The measurement results reflect the vibration and sound pressure at the same time, which can be further analyzed to find the corresponding relationship between the sound pressure and the vibration. The distribution of the sensors is shown in figure 1 . The sensor arrangement was referred to the National standard: Power transformers-Part 10, Determination of sound levels.
The top view of the distribution of the sound pressure sensors and the transformer is shown in figure 1(a) . The sensors are arranged around the case. The sound pressure sensors are the first type sensors which meet the national standard GB/T 3785. They are calibrated before the measurement according to the national standard GB/T 3768. The sound pressure sensor is 0.3 m from the reference surface. The space between two adjacent points is equal to 0.9m. The sensors arrange at the height of 1/3 and 2/3 height of the transformer.
The side view of the distribution of the vibration sensors and the transformer is shown in figure  1(b) . The vibration sensors are stuck on the measuring surface of the transformer by magnets. The measuring surface contains the tank surface and reinforcement. The measuring surface was divided into several elements. The vibration senor is arranged at the center of each element. The vibration velocity, vibration acceleration and displacement are obtained. 
Measurement Results
The field measurement is shown in figure 2 . The noise of the transformer is mainly the vibration noise because the fun is turned off. The sound pressure sensors are installed on the tripods. The vibration sensors are stuck on the shell through the magnets. The time domain waveform of the sound pressure and the vibration is shown in figure 3(a) and figure 4(a) respectively. The frequency spectrum analyses are carried out in order to study the frequency characteristics of the noise. The normalized frequency spectrum curve of sound pressure is shown in figure 3(b) . It can be seen from the analysis results that the transformer noise is mainly based on 100Hz, 200Hz, 300Hz and 400Hz, and the component of 300Hz is the maximum. The sound pressure levels of the 28 measured points shown in figure 2(a) are listed in Table 1 . The sound pressure level is higher than 70dB for most of the measured points which exceeded the national standard.
The normalized frequency spectrum curve of vibration is shown in figure 4(b) . It can be seen from the analysis results that the transformer vibration is mainly base on 100Hz, 200Hz, 300Hz and 400Hz, and the component of 300Hz is the maximum. The vibration velocity level, vibration acceleration level and displacement level of the 8 measured points shown in figure 2(b) are listed in Table 2 . The spectral characteristics of the sound pressure and vibration of the transformer are almost the same, which indicates that the vibration of the transformer is the main source of the noise. 
Summary
In this paper, the vibration and the noise of the 220kV transformer in Tongchang substation located in Shanxi province were measured simultaneously. The frequency spectrum distribution of the sound pressure is almost the same as that of the vibration, which indicates that the transformer noise is caused by the vibration of the transformer when the aerodynamic noise generated by the fan is not considered.
The frequency spectrum waveforms of the transformer noise and the vibration are mainly composed of low frequencies which are lower than 600Hz. The frequency is mainly 100Hz and its integer times, and the maximum appears at 300Hz both in the results of sound pressure measurement and the vibration measurement.
